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7V,1&LtZo 

; v_5_^ ;v_5_eu v>-2--f ;v-iH--f < ;i/)^>Xr ^ K (J^T, 

<b^Afcv^ 0 ) miB (i) iB«o#^jftfl6aiiiiaij«, 

(3) TGF-/?a*f^ffl*«aifci-4, ^&fe%mmmv>x?v~->ri5 

(4) TGF-/m#f£TOt>'BMP|S##ffi£m£1-^ #3&KflHitf*Stt»l 
[0 0 0 8] 

*3&w^isv^-c [tgf- pmsitommftm} t»±> tgf-/9jw*k*^< -> 

j; ^ jLflqfttcti, BMP i'71-A'&MKWt>2>9 4'7 I I V-fe^- % *>f:/ 
IV-t^- (ALK2/3/6) £**1-*MFflUB, Xt±> Smadl/5/ 
8©'J ^m^PM^ffi KJfc^T, T G F - £ v 71-)\>fcmz.mt>Z> * 4 rfl IV 

(ALK5) Kft-tZmmftm. JLit> Smad 

2/3 km-tz v >m<mmftm<ni5&&&~?$>z ^t^^o 

[0 0 0 9] 

TGF-£ fcBMPt4*lCTGF-jff^-^'«-7T5 U-fcJRU ^(D-y^-f 
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[0 0 10] 

*mm#^x i~t gf - pmmmmfcmtt-tztt&mi t\^x^ m$ 

A *^-tf#fp^:m 1 IMRtfMfc^ti A L K 5 Sr«^»^R&#'t *f^ffl *^Tt" 

, 4 ^ 9 V y^T-fe^-^H^ (Miff, teBfcfcflU #Mo ) , 

-/wgHItt (Mx.lt 6 #ffiU ) > e-7V*-;vM*# (Mitf, 

E7~9#Mo ) , ?-T #i^»l 0-1 2#bs 0 ) , 

YVTV-Ji>ffi!m W*-&. #Wtf 1 3#Mo ) , &TGF-pi¥mm ( 

ft-S^to (3- (e , ;^>-2--Y;v) -4- (7-x>^y^yu>-4-^;v 
) t^V-^K 3- (2-ynif;vev^>-6--r;v) -4- (^f/^-4 
->f;v) e^V-;v, 3- (2 -^^^tT'J 6 -4- 

^y^yj>-4-^f^) t s 7V-;K 3- VdV 9 J-s-2-4fr) -4- (4f 

yi;v_4-^ ; v) t?^V-;K 3- (2-^f;vfvy>-6-^f;v) -4- 
(6-HJ7;vtn^h^y^;v>-4-^JV) 3- (2-^^ 

;vtf'; v>- 6 —4ru) -4- (6-^nn^y;>-4-^;v) t?^v*-;w 

3- (2-^f;vf'jy>'-6-^^) -4- (7 -?un^y u v-4 ;v 
) 3- (3-xh^y7x-^) -4- (7 - J- h ^v^/ V >- 

4- -T;v) 5-tKo^y^f^-3- (ify 5^>- 2 ->f ;v) - 

4- >- 4 ->f ;v) e^V-JK 5- (2-7x^f;V) -3- (tT'J 

)V) -4- (*yv>-4 — f;v) t*5V-;K 3- (3->'J7 
Hn^ f;V7x^;v) -4- *)>-4-4 fr) t?77*-;K 3- (3- 
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7'n^7^-;v) - 4- (7-^W7'J>'-4-f;v) e^ 4 /-^ 3- ( 
2 -^f-A/lfU v>- 6 -4 ;v) -4- (4-t Kn^y7x-;v) tf^V-Ji/ 
, 5-^f-;^-3- (2 -^^;vt?V v>- 6 -4 )V) -4- (4-7;v^-n-7 
x~;l>) E^y-JK 3- (2 -J^Vtf V 5»- 6 --f/U) -4- 
tn7x-;v) e7V-JV, 3- (2-^f;vtf'jy>-6-^;v) -4- (4 
-7;v*n-7^-;v) tf^v*-;v, 3- ( 2 ^;vtf 'J 6 ->f ;v) -4 
- (2, 4-^dd7x-;v) tfyV-JK 3- (2 - ^f;nf'j v>- 6 - 

-4- (3, 4-^7;VtD7i-;V) ^7 7*-^, 3- (\£W>-2 
-4- (4 --7)VjrU7 \i=7y*~-)V) Oftlx.^ 

3#Mo ) ^mfhft^o 
[0 0 11] 

^3§I$K:£v>T TBMPJ tii, BMP<DM.*<D*r7'? 4 7\ RV\ ^fth<D 

mm^-m&z-? y BMP77^'j-^r/^i^7o mm 

, BMP-2/3/4/5/6/7/8^ G D F (if m^MfcSi 1 : growth-differ 
entiation factor) -5/6/7 W^fth (DMittm&z. ? t 

[0 0 12] 

nttm* £^mm<D^^ mzn.mmnmKM vxn ? ^iM-t-t^o 19 #r& 
mm^m^f^mmm, m^m^^mKm^^mMtLxm^^^t^ 

[0 0 13] 

^hek^-c rTGF- pmrntrnzygmt-rz, ^mmmm<o^? 
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, ^^fyiH:^- (A L K 5 ) W^It^l^S^Sma d 2 
**ti«fc U:TGF-^fHn7-y^Mi<^ (MxJt ^#W^C 

^-^-T^-t^ (Mx.it ^#^mi 5#hs 0 ) ^ t g f - p (7)mm.mmn 

mm &MvlLu*fflJ&-?<£. & [3H] 9- ^ ^ > JR ^ T y -fe (M x. It ##ff 
1 6#jf 0 ) > TGF-/JI: i^,«ii5iiWlJ^P^^^ (ix.lt #$m:fc 
mi 7, 1 8#HS 0 ) N NmuMGM^^b^^^^ (Mx.lt ^#^»1 
9#Mo ) > TGF-j&V* 0 -^ - !:fflV^c;Vy 7 x 7 - €7 7 -t (Mx.it 
*#^m2 0#hb o ) ^ M^a^PAI-lO^m^P^^.*^ (Mx.lt 

1#HS 0 ) ^ ^nx'j V^r^^lCi^Hry^ ^m^Zm^^ 

m (Mx.it ##^^2 2#bs 0 ) , «Sma d 2/3#C#£ffl^*: 

^r/yn^fr^ (Mx.it ^#^i)c2 3#Mo ) tmbtix^ztf 

[0 0 14] 

'#SHIfc:&v*T rBMPIMflMH 1HBjfcte»*»5M®**y- 
-v^&J £it BMP'>WtsiKH*?S^>f^I I U-b^-, 7 
IUW- (ALK2/3/6) fc#r*ffi#f1MB*P^ai*ife*Sma d 1 

* * 1; - ^ > Clv^it^iSote ft lirMM (C2C12IB 
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MP©V*°-^- (ld-l-Luc) ^fflv^z;l/v-7i9--lfT^-fe-f (0g*.tf> 
^m2 5#Mo ) ^ BMPOV*-^- (3GC-Luc) ^fflv^;;Vy7 x5-« 
7 (« x. „ 2 6 #BIo ) > BMPOI/jK-^- (GCCG-Luc) 

^ (ld-lfc^) OmRNAI&aifc'j T;v^-T APCRIU «9p-<^>^ (®Ix.tf> 
*#M s X»fc2 8#B?.o ) , Xenopu8«rfflv^2^*fc^JfcBbe (Wittf, iMHfcfc 
t2 9#Io ) > ^Dxr/^V»i^V-b^-^<7)^l^M ( 
fil&WT, *#IRdtt2 2#BS Q ) , ar^ifbSma d l/5/8#b#*fflv>fc 
W^7nyf^ >^ (Milf, ##fP^ife3 0#Mo ) **ftlf>^Tv^** 

[0 0 15] 

if ^^^-CltiSL fc ftl ji, T? * * o 
[0 0 16] 

a, *y«>Af07/i/*';^ia[, £0^ *;vy7A^^7;i/*'j±iiII 
T G F - ^jWRWMFffcffl *^ri-^^%04«T'^ttft*^i-S Oti, % 
LHMiatffl^^^t fcT§£ 0 iOJ: 9 LTii, «£lf, 

[0 0 17] 
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tgf- pmsmm.m^m^-r^it^m\^ Bwptnn^®.^ $>&\<^± 

J&hBMPfc£^£-£&CL£&-e§&o ^W#ffli:fi, T G F - /? MiWl 
[0 0 18] 

fiJxJf 0.01-99.5%, Sff L< ti 0. 5~90%£#^1";i>Em*&J»*: L 

tz, mm\t, wam&&, gps#, mmvm^ mm&* mBLB&m x« 
^mmmmt itomi±, sal $m 

> J^A^t-C^^^^^O^r^^i^UT, lBfcfctK 0.1~1000m 
g/tf <Dmm, ftt L < li l~500mg/t: h OiEH^— tTOSo 

Clfc ££1 B 2~40&^#JLT&#1-&.rfck-Tr#;z>o 

[0 0 19] 
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efc£ij> «#ak 5Hfc^ f^©i<o^^tli:tu^o 

[0 0 2 0] 

& <£ ? KlBKrtb L & £ , 00 x. If* 9 > # )V <D X o ft iJ 

->a; as** a, ^mf-bu^A^^uni-ttt^ ^^-b^j^^^tt^ 

[0 0 2 1] 

Ka^v7'nt>^f;v-b;vn-^, #y fcf-;nfn y K >\ 

x;vr;vn-;v^ti , $s#«]&ffcj« («£ii . m^um ( 

#0xJf, B3&%) *8fc£»J (Mii^^ft^h, **y>, 'J>ty*^y") 
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[0 0 2 2] 
[0 0 2 3] 

^-^mmzm^&ztKz ^i^^ 0 Karaite iti^^ittaftfc 

[0 0 2 4] 
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[0 0 2 5] 
[0 0 2 6] 

rami 

[0 0 2 7] 

lOf^l 1 

a » a v&^mmmmm l i ) 

C2C12£IBJ& (American Type Culture Collection) £5%<Z)^ ~>jJ^BJfiL?t (FBS) 
^tr^Jl/^yaSS^-^JH&ifc (DMEM) (MM) > 0.01%^^ 
> K (DMSO) ZMz.tzmt&te (DMSO(O.OIX)) Rtflpt M<7)lb&m A %l3Uz.fz\slig 
M afc^A(l^M)) X\ 50ng/mlOjt^mmx.t hBMP-4 (rhBMP 
-4) ^in^^^iPT'^Lfco ■'tfi-^fKDfM^^ 9 BH^SLfct, T^* 
■J^77^-€ (ALP) *rfe*y b#85-3R (Sigmatt) KiO&feU #3Mt 

ITOSfcS 1#HS 0 ) Sigma Fast p-nitrophenyl phosphate tablet set 

t LTDC protein assay (Bio-Rad) K£ *) m^.Ltz Q 

iwm&zm i wm 2 ^-r 0 

[0 0 2 8] 

il^ti^ 4k&foAi*, f it1iC2Cl2«^t^t1SIftMiiE* 
tL&V^*, rhBMP -4 (50ng/ml) •CfNjtLfeC2C12jfflflfetC*v^'rt± N rhB 

mp — 4 *y»fc x z^rfrimmfcrn Ltz 0 
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[0 0 2 9] 

1*1*012 

A »fflV^^ffM{S%^^ffl ( 2 ) 
h f^^fllE^ffllS, (hMSCs) (Poietics) £ ITS supplement (Sigma) 
trmto.m*&Hl (MM) ^ 0.01%DMS0 : SrJnx.^|WIJt% (DMSO(O.OIX)) XtflyuMOft 
-frWA*lHliLfeR*(f* (^%A(1^M)) t\ 50ng/ml<£> r h BMP - 4 ffiM 

W<^J5&£3%^;v*;vT;v-7*fc Kfc-g-try ^m^^S&^fc (pbs) -es 

-€-^j|g**®3> 0 4^^1115^^1-0 
[0 0 3 0] 

Hi 3 , H 4 WEI 5 K^l"® ^ rhBMP-4H«t«9 g|a» $ ttfcALPfiftkK. 
tofr*&Atf*r hBMP-4fiM^i^»#^b^m^ffl*li3^i-^-hti5g 

[0 0 3 1] 

I^»J3 

50ng/mlO r h BMP - 4 1 10// g/mlOffiT G F - /S 1/2/3 *m$Lfa*W$Vil'?z 
50ng/mltf) r h BMP - 4 *«SinLfcl&*k 10/" g/ml^tltT G F - £ 1/2/3 
*jfD#M£*&Jn Lfc»ti&£ J: «^no^-eC2C12lHJ3a*9 0 Lfc:o -ett 

^(Dm&zm 6 ^i- 0 
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[0 0 3 2] 

H6n^-rao, t/iTGF-^^nin;^ (Ab) t±, f&mmitmffi., rhBM 

[0 0 3 3] 

l*»J4 

C2C12«£FBSitS2. 5%, 5%, 10%, 2 Oyo^ilL^Mt: 
, 1 M M<Dlt&m A 50ng/mi <£> r h B M P - 4 L9 B L fco t 

LX4k&VBA<Dttt> «9 ICO. 01%DMSO& & W±mmmXtgm Ltz 0 -?-^-ftl<D» 
J: U IstWJ l Rfl|o^T?ALPfim*«!l5fe t fe 0 

-eoig^^ia 7 song 8 Km-? 0 

[0 0 3 4] 

HI 7 JBLZfWa 8 tc^-T® «9 , F B S < £ & *U ft-S* A K i £ 

, F B S ^^M^jfiLtt^^T G F — £ <^zftS<7)_h#H#v^ # 5HW£jiii3i^ 

[0 0 3 5] 

»Jf9 1 

m% 1 M80mg 4" 

it^A 5.0mg 

h^onyg© 46.6mg 

^ H H 0-b;VD-7 24.0mg 

*^-/Hr/un — * 4.0mg 

XTTV ^H^^v^A o.4mg 
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mm 2 
am (mm) 

m% 1 ^80mg 4» 

it^QA 5.0mg 

F^nnylfi 46.6mg 

BMi^^v-* 24.0mg 

;V-fe;VD- 7. 4.0mg 

XfTr/|7^y^ 0.4mg 

[0 0 3 6] 

^WKfrfrz-wrtfefemmmi*, bmp ^ isjb#^ 

t^v^tBMP i^m-r h ^mmn zfem-t & «t <9 m-^mmmm 
t-ciSo ffm^#f^^m^ij^^^ i ;-^>^i**Ji^-r^- tic* 

[HI 1 ] tstWJ 1 i:^v»T, #C2C12*fflI&£ 7;v# U 7 y * tfSftrfe L 
^a^OE|-C**o fe^Ott r h BMP - 4 £j®bnL-CV*fev*i^ ^Ji± r h BM 
P-4£^nbfdgre£& 0 tfc, itliSffi, TODMS O *muLtz%£ 

im 2 ] w&m 1 k#v>-c, #c2ci2,«cdt;v# u 7^^x77^- 

nmol p-NP/min/mg protein) £:i£1~o 

(nmol p-NP/min/mg protein) ^^to 
<7)HI"e^^.o &y0ttBMP-4*«anUTv»*v*», ;fcyiJt±BMP-4£«flDL 
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[Wi 5 ] ftU*0O 2 KJ3V*T, von Kossa^fe Lfc h KH^ffi*BI&*NIH 

■HStt^^7 7<bL^|2I"C*)^o «E»*t4TA/*V T;v#V**"7 7*--tfi&1£ ( 
nmol p-NP/min/mg protein) ^r^*t* 0 

[EI 7 ] tUfeffl 4 fcis v> t, #C2C12«BJ!a tTWJ^?!^- Iferfe L 
tz^-%<Dm-e*>2>o ^fe^iJiiFBS^ 1 0%^iDt> ^o, BMP-4MDL 
tv^jiV^ £^P,2, 3. 4, 5W±-?-*t-rtLFBS£2. 5, 5, 10, 2 
0%^tnU BMP -4 fci&flnLfcSrcfc&o ±$L\$nW&, 

ttDMSO^a T^mk^t/ A *mn LtzWe&Zx, 

-e*S1£*^7'ffcLifcBI*C**o #&$im7;v#VT;v#V**7 7?-^f£tt ( 
nmol p-NP/min/mg protein) $rffe*t~o 
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